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Abstract

This study was aimed to investigate the crush characteristic of aluminum conical and
cylindrical shells with varying thickness. The thicknesses of specimens was assigned to be increased
linearly along axial and circumferential directions with the thickness ratio (E) of 0.0 (constant
thickness), 0.1, 0.2 and 0.3. The mean thicknesses of specimens were 1.0 mm, 1.5 mm, 2.0 mm and
2.5 mm. The cylinder had mean radius of 25 mm. In case of truncated frusta, its small and large radii
were 15 mm and 35 mm respectively. Both structures were manufactured with 90 mm height. The
influence of various edge conditions were also examined ie; simply supported at both ends (Free-
Free), simply supported at the top and constrained at bottom end (Free-Fix), constrained at the top
and simply supported at bottom end (Fix -Free) and fully constrained at both ends (Fix-Fix). Key
parameters used in this study were Critical Load (Pcr) and Energy Absorption (Ea).

The investigation was conducted with experiments and computer simulation technique. The
experiment was carried out with a number of specimens with geometries and dimensions as
explained. The specimens were crushed, quasi statically, using a universal testing machine (EHS
Testing) in axial direction with speed of 5 mm/min for about 70% of original height. The computer
simulation used in this study was the FEA computer package, namely ABAQUS. The 3-D model was
constructed with a number of 4 node shell elements (S4R). The comparison between the simulation

model and experimental results was made in order to verify the model.
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The comparison revealed that the energy absorption predicted by the FEA model agreed well
with experiment, with average error of 6%. In addition, modes of collapse and the patterns of load-
displacement curves between them were found similar. The simulation results also indicated that the
influence of thickness variation has significant effect on the result of calculation for structural failure
and should be taken into account in the analysis.

This study found 2 modes of collapse, which are the Concertina Mode or Axisymmetric
Mode and the Multi Loop Mode (Diamond Mode) or Asymmetric Mode. The Concertina Mode was
found in case of cylinders with constant thickness and cylinders with thickness varied along their
axial. The rest were found to fail in Asymmetric Mode. The results also indicated that the fluctuation
of load-displacement curve is related to the formation of failure rings and failure loops. In addition, it
was found that the load-displacement curve of cone tends to increase as the failure progresses. A
similar phenomenon was observed in cases of cones and cylinders with thickness variable in axial
direction. This result suggested that those structures may be able to absorb more energy as the
collapse progresses.

Considering the critical load, the conical and cylindrical shells with thickness varied along
the axial has lower critical load as the thickness ratio increases. In contrast for thick cylinders and
cones with thickness varied along the circumference, their critical loads were found to increase as the
increment of thickness ratio. This suggested that one may enhance the strength of thick cones and
cylinders by varying thickness along their circumference. It was also found from this study that by
constraint both ends or the top end could improve their critical loads by 10% for cones and cylinder
with thickness varied along axial direction and by 9%-15% for cones and cylinder with thickness
varied along circumferential direction.

The present study also revealed that the conical and cylindrical shells having thickness
varying along their axial and circumferential directions, under low thickness ratio (E ~ 0.1), could
absorb more energy than the constant thickness ones. However, their energy absorption capacities
tended to drop when the thickness ratio increased more than 0.1. The influence of edge conditions on
the energy absorption capacity of cones and cylinders was also investigated here. In general, the

relationship between type of edge conditions and energy absorption could not be made precisely.
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Only, one conclusion could be made was the conical shells with thickness varied along the axial can
absorb more energy if their ends are constrained.

The present study has revealed the influence of thickness variation, as well as the influence
of edge conditions, on the crashworthiness characteristic of conical and cylindrical shells. In addition,
it has presented the method to improve the critical load and energy absorption capacity of those
structures by varying their thicknesses in some patterns together with constraining their ends with
some conditions. By the proposed method, the crashworthiness capacity of cones and cylinders can be

enhanced without more material requirement.
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